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Abstract. The primary mission ofthe FORTE satellite experiment is to detect and record RF
transients in the VHF radio band. This effort is difficult due to the presence of background noise
signals which vary widely in power when observed at satellite ahitudes. In order to optimize the
detectability of signals of interest in this varying background, the FORTE RF system was designed
to accommodate a multitude of possible configurations. The FORTE RF system consists of a
number of elements including: four antennas, three tunable VHF receivers, two sub-band trigger
systems, and Adaptive Pre-Whitener (APW), a Data Acquisition System (DAS) and an Event
Classifier (EC). The use and configuration of each of these separate elements will depend on the
characteristics of both the signal and the noise background. This paper will discuss the
functionality and measured performance of the FORTE RF system. In addition, test tools
developed for managing configurations and for making predictions of on-orbit performance will
be discussed. This work supported by U.S. Department of Energy.
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Abstract. An ionospheric topside sounder is a high frequency radar system that is located above
the ionosphere, ideally on-board a polar orbiting satellite to provide global coverage. Previously
eight satellite sounders have measured the critical frequency of the F2 ionosphere region using
traditional fixed and swept frequency methods. This information has been invaluable in improving
our global understanding of the upper ionosphere and the accuracy of critical frequency maps used
by HF radio engineers to calculate communications routes and the optimum frequencies for early
warning OTH radars.
A new technique for the direct detection of critical frequency has been developed at Surrey called the
'Dispersion Method'. Real data from previous sounders is being used in the development and
verification of this method. This new sounder will not only provide traditional Ionograms but detects
critical frequency directly from the dispersion of returning radar pulses. This new method does not
use traditional Ionograms with their inherent processing complexity and is an order faster than any
previous sounder. The 'Dispersion Method' therefore resolves the problems of data transfer and
processing encountered with past topside sounder missions and produces large quantities of real time
data when required.

Introduction
It has been widely observed and reported by the
worlds scientific community that existing global
foF2 maps are inaccurate'. The problem is that
with ground based measurements coverage over
the oceanic and poorer areas of the Earth are
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very scarce. This has led to critical frequency
maps that are inaccurate due to extrapolation.
URSI (International Union of Radio Science)
maps have been developed from data produced
as late as 1984 using satellite as well as ground
based data. If this data is compared with new
satellite data, large discrepancies are observed.
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Table-} Important topside sounder specifications of past and proposed UoSA T mission

Satellite

Year

(

Frame
(sees.)

~;)s

Sweep
Frequency

I

rrn",m+i'

1~~ennas
ctres)

(MHz)

Alouette I

1962

1033

18

0.5·12

ExploterXX

1964

1010

0.105

Fixed

Alouette 2

1965

2982

32

0.12 . 14,5

Power
(watts)

Width
)

Processing

Memory

145

22.8 & 45.7

100

100

None

;-,jone

I

44

19 & 37.1

8·45

100

None

None

i

146

22.8 & 73.2

300

100

None

None
1 hour

ISIS 1

1969

3523

19/21

0.1

20

241

18.7 & 73.2

400

98

None

ISIS 2

1971

1490

14/21

0.\

20

264

18.7 & 73.2

400

87

None

1 hour

ISS·b

1978

1220

64

0.5 - 14.8

141

11.4 & 36.8

150

300

None

6 hours

IK 19

1979

980

64

0.3 - 15.95

None

16 hours

Cosmos 1809

1986

980

32

OJ - 15.95

UoSAT

?

800

118

0.5 15

15 & 50

140 300

133

.

15 & 50

140 - 300

133

50

15 &]5

10 400

50+

For this reason a UoSA T microsatellite sounder
is proposed to primarily measure the critical
frequency of the upper F2 region of the
ionosphere.

Limited

2 hours

Uploadable

30 days

efficiency over the swept frequency range above
1 MHz. At the lower frequencies the sounder
acts as a relaxation sounder using lower power to
stimulate the surrounding plasma. A feasibility
study to place a third generation digital topside
sounder into low Earth orbit on a 50 kg
microsatellite with an orbit average power
capacity of only 20 watts has been successfully
completed by UoSAT in the Centre for Satellite
Engineering Research department at the
University of Surrey.

Previous sounding satellites2, 3 had little memory
capacity and no on-board processing capability.
This means that considerable ground support was
required for down loading and processing data.
In fact data handling is considered to have
represented a major part of previous mission
budgets. All of the topside sounders to date have
required large antennas and transmitters on
satellites with masses of between 150 and 250
kg. This meant power requirements of about 60
watts per orbit average. These larger satellites
required expensive launch vehicles, as well as
being intrinsically more expensive than the
modular microsatellite design. Microsatellites
can be launched far more cheaply using smaller
launch vehicles or by hitching a lift as a
secondary payload.

A new method of detecting critical frequency,
known as the ADM (Advanced Dispersion
Method) is proposed along with a Traditional
Sounding Mode (TSM) and an Advanced
Sounding Mode (ASM) which uses ground based
sounder techniques for the first time in space.
The hardware is reconfigurable to enable, as yet
unspecified,
enhanced
image
processing
experiments to take place.

Modular Microsatellite Concept
Table-I gives a list of important operational
specifications of this proposed sounder design
and of the previous eight missions. The frame
time represents the length of time required for
each sweep and thus the sampling rate that can
be achieved. Note that the fixed frequency
Explorer XX satellite has been included in the
list as an example of low mass, low power
sounding. This used smaller tuned antennas with
six fixed frequencies and was placed in a circular
low Earth orbit. The new proposed design
therefore relies on Antenna tuning to improve

Twelve microsatellites have been built at the
University of Surrey by SSTL, all have been
successfully launched. A brief description of the
proposed topside sounder satellite UoSAT
platform is given below:
Independent controllers are embedded into each
section of the payload and are connected via a
CAN bus to the main 386 computer to enable
fast, flexible control of the DDS (Direct Digital
Synthesiser), AATU (Automatic Antenna Tuning
2
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Unit) and the existing DSP (Digital signal
processing) demodulators.

Autonomous GPS navigation will provide
accurate and instant location data without the
need for a ground based radar to obtain the
position of the satellite.

The Ionogram

The traditional topside sounder (TSM) produced
an ionogram, which is a 'picture' representing
the virtual height or group delay of the sounder
to the reflection point in the ionosphere at each
frequency step within the topside sounders sweep
range. Also displayed are resonance frequencies
where the surrounding plasma has been
stimulated.4
The advanced sounding mode
(ASM) also separates the received pulses into
left and right hand circularly polarised signals. 5
This pre-processing enhances the ability of the
onboard computer to separate the '0' and 'X'
waves and thus process the ionogram into
electron density profiles. The ionogram in
figure-2 is a typical mid-latitude specular
ionogram from 32° North and 67° West taken
from the ISIS 2 satellite on the 11th of
November 1971.

Figure-I. An 'Exploded' view of the modular
SSTL satellite The satellite is typically the
size of a two draw filing cabinet with a
deployable 7 metre gravity gradient boom.

The reflected 0 wave is indicated as a trace
starting at fN (the electron plasma frequency),
this can also be designated fo which is the 0
wave cut-off frequency, or the lowest frequency
at which the wave will propagate. This trace then
finishes at the foF2 critical frequency.
The X
wave starts propagating from the satellite at the
X cut-off frequency fx and finishes at the fxF2
critical frequency. The Z wave is defined as a
slow branch of the extraordinary wave and starts
at fz. The ionospheric plasma resonances fH and
fT are the electron gyrofrequency and the upper
hybrid frequency.
2fH is a harmonic of the
electron gyro frequency.

To enhance the capabilities of the sounder the
DDS can be programmed to produce phase
and/or amplitude modulation of a single or coded
pulse type radar.
The sounder will be able to follow preprogrammed tasks (ADM, ASM, TSM), which
can be modified from the ground to enhance
experimental flexibility. A 250 Mbyte solidstate RAM mass data storage facility on the
microsatellite . platform will overcome the
expensive problem of multiple ground based
processing and data handling. Raw data can be
down loaded and processed on the ground. The
algorithms can then be uploaded to the satellite
for processing the sounder data.

The ionosphere acts as a screen from signals
propagating from the ground below the critical
frequencies. A band of noise between 8.5 and 10
MHz is characteristic of HF signals (mainly
broadcast stations) propagating to the satellite
below this frequency. Also noted is the noise
band between fN and fT (l and 1.25 MHz) which
is received by the sounder from reflected Z wave
energy.

An S-band down link, with a 1 Mbps data rate,
will be used for transferring large quantities of
raw unprocessed data to the ground. A narrower
UHF link will enable reception of processed data
by anyone with suitable software and a low-cost
antenna-receiver-modem-PC system.

3
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Figure-2 A typical mid Latitude ISIS 2 Ionogram. (See text for explanation of labels.)

Ionospheric Dispersion

<Pm
In summary, the Ionosphere is characterised by a
plasma whose electron density is a function of
group delay. Depending on its frequency a
propagating electromagnetic wave will either
penetrate some distance into the layer and then
be reflected or alternatively at the critical
frequency it will propagate right through. The
reflection is distributed within the ionosphere
and is dispersive (due to the electron density
gradient). It is the electron density gradient
which is the cause of dispersion in the returning
radar pulse, shown as follows:
The ionosphere can be considered to be a linear
time invariant system having a transfer function
comprising both phase delay <P and gain IH.
This gives us a basic equation:
H(w)

=

IH(w) le- Jt/!

IH]e-i'"

(d¢)
dw
1 (d ¢ ~
2!
dw

<Po +

X

(w -

Wc )

0Jc

2

+

X

2

X

(w -

Wc )2

(2)

J 0Jc

This expression can then be simplified to :

Where the first term, <Po is a phase shift (assumed
here to be a delay), the second is the group delay
'0 = (d<j>/dro) and is measured in seconds.
The
third term gives us the dispersion factor KO
measured in sec 2 and m is the frequency
difference or deviation from the operating
frequency wc' <Pro is in radians.

(1)

Taking 1 and 3 and assuming that the system has
unity gain (IHI 1) for the range of frequencies
near illc, then we obtain the ionospheric transfer
function:

The phase shift of the signal in the ionosphere is
a function of frequency w. If we are interested
in the effects of the phase shift at a frequency We
say the carrier frequency, we can use a Taylor
expansion of the expression for phase height
with respect to frequency d<j>/dro. Assuming the
curve to be continuous, the first two terms of the
expansion give:

Thus for a pulse modulating a carrier the output
pulse from the ionospheric transfer system
suffers three effects:

4
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• The pulse shape is changed by the
dispersion factor KO
• The pulse is delayed by the group delay TO
• and a phase shift ¢o
It is also noted that an actual loss in gain IHI will
be observed.

Dispersion Simulations
This second order dispersive effect is simulated
at a sampling rate of 100kHz for various
gradients which are traditionally measured in
~slMHz or in kmlMHz.
Figure-3 shows the
result for various values of ionospheric
dispersion after the pulse has also passed through
a 20kHz low pass filter, representative of the
sounder receiver bandwidth. This spreading of
the absolute pulse envelope is characteristic of
ionospheric dispersion6 .

Figure-4 A distinctive "Tri-Pulse" shape
from the output of the Quadrature channel.

The received dispersed pulse will also be
effected by changes in signal amplitude, and
phase shift due to satellite, or ionospheric
movement, or indeed from ionospheric
scattering.
The amplitude problem is easily
addressed by normalising the quadrature channel
amplitude with respect to the signal magnitude.
A limited amount of phase shifting can be
resolved by either phase locking the receiver
using multiple pulses, or by the use of DSP
techniques. The problem with using multiple
pulses is the effect it has on sampling rates. Also
as the satellite and ionosphere are moving there
is no guarantee that the receiver would lock.
Therefore signal processing techniques were
investigated. An algorithm has been developed
that rotates the shifted phases so that the
quadrature channel has a zero mean amplitude.
This is called the "Rotation Algorithm".7 The
use of dispersion to measure critical frequency
and spread-F has been designated the
"Dispersion Method"

Figure-3. A simulation ofa dispersed 50jls
absolute pulse envelope.

However, a more sensitive measure of dispersion
was obtained from the output of the quadrature
channel.
Figure-4 displays the quadrature
envelope for a similar set of dispersed SOilS
pulses. It can be seen that as the dispersion
increases, so the amplitude of the tri-pulse 1
increases. It is also worth noting that as the
slope of the ionogram changes from a negative
gradient at the cusp to a positive one from the
Earth returns (see figure-2), so the tri-pulse flips
around the horizontal axis and the prominent
central peak changes from the illustrated
negative amplitude to a positive one.

Accuracy of the "Dispersion Method"
The simulations were developed to include
random phase changes and multiple pulse returns
from a near vertical cone of ionospheric
reflections to the satellite. The results from the
simulations are produced in table-2. This table is
for a worst case, disturbed ionosphere and an
oblique Lambertian amplitude distribution. The
results are given for a 10 and 20dB SIN into a
20kHz bandwidth receiver.
This being
dependant upon the transmit power and the
known cosmic background noise.
5
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Table-2 Comparison of dispersion measurement accuracy

Scattering
radius

20km
40km
50km
60km

Oblique Lambertian distribution

Worst case vertical distribution

20 dB SIN

tOdB SIN

100 km/MHz
100 kmlMHz
200km/MHz
400 km/MHz

300km/MHz

From the results in table-2 it is seen that the
simulations suggests that a satellite in an 800 km
orbit will give an accuracy of 200 km/MHz up to
a scattering radius (at the base of the cone) of
50km for a 20 dB SIN into a 20 kHz bandwidth
receiver. By observing the shape of the long
gradient and the cusp from many ionograms (see
figure-2) it would seem that this accuracy is
adequate for locating the long gradient and
tracking the critical frequency.

400km/MHz

20 dB SIN
100 km/MHz
200 kmlMHz

The data files for each pass came in groups of
between 10 and 35 ionograms. Eleven groups
were chosen in total. Selection was very limited
at the time of processing as the data was being
digitised systematically by the NSSDC, starting
with data from the Ottawa ground station. Data
was chosen primarily from as many locations as
possible, secondly for the sunspot propagation
cycle and then for day and night time ionograms.
Generally though the data came randomly and all
the data that was obtained was processed and
used. Table-3 lists the data sets and their orbital
paths.

In verifying the simulations two questions were
asked. What is the scattering effect of the
topside ionosphere? Can tri-pulses be observed
in real ionosonde data.

Unfortunately the data sets used in this study are
not proportionally representative of the regional
effects of spread echoes over the whole global
ionosphere. However there were enough
ionosphere types represented to provide a good
guide to the topside scattering effect.

The scattering effect of the topside ionosphere
The data used in this study on scattering came
from the ISIS 2 satellite which was in a 1400 km
orbit, placing it approximately 1000 km above
the F2 layer. If the satellite were in the lower
proposed 800 km orbit then the equivalent
scattering radius would be 2.5 times less. This
means that a measured scattering radius of 125
km from ISIS 2' is equivalent to a 50 km
scattering radius on the proposed sounder. This is
the limiting parameter for phase rotating the
returned inphase and quadrature signals correctly
and thus the dispersion method to work.

In all, about 3000 samples of data were used. For
each ionogram, amplitude and AGC values were
taken for 2, 4, 6, 8, and 10 MHz. Only reliable
data was processed where the signal was an
obvious reflection and not due to noise. This is
easily determined by observing the trace on the
ionogram.
Histograms were produced (see
figures 5-16) and adjusted to produce the best
observable peak, and thus an indication of the
scattering radius.

To calculate the scattering effect of the topside
ionosphere a large sample of real digital
sounding data from the ISIS 2 topside sounder
was used. The caleulated power budget and
measured signal strength were used to estimate
the area on the ionosphere from which
significant scattering occurs.

From table-3 it can be seen that the scattering
radius varies from a peak average of 20 km for
the most specular ionosphere in path-9, up to 600
km for the very spread ionosphere of path-4. We
can discount the results from spread echo regions
of paths 3, 4, 6b, and 7 as being inaccurate as
these were not from near vertical reflections. It
is noted that these ionograms show prominent

6
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Table-3 ISIS 2 Ionogram data sets used, with propagation conditions and path identification,
along with the distribution peak for the calculated scattering radius.

Comments on Ionogram
traces

Scattering
in UoSAT
orbit (km)

24

32
80

240

24

field aligned, spread traces, oblique reflections
and significant spread echoes. Path-l shows a
very poor trace. It is possible that the losses
were greater than normally expected, in this case
due to antenna/ionosphere interaction. It is then
possible that the scattering radius calculations
may not be valid.

then that where the complete path was specular
the equivalent lower orbit scattering radius
would be up to 32 km, whereas in path-6a where
the ionograms were changing from specular to
spread, the scattering was 48 km.
Path-IO produced a typical ionogram with a
vertical and field aligned traces and no
spreading.
The spread in results show an
average peak in the results at 30 km with a
significant spread up to only 90 km for the
vertical trace. Again these results are well within
the set parameters for processing.

This then left a peak scattering radius of between
20 and 140 km from the histograms of results
from paths 2, 5, 6a, and 8 to II. To fit the preset
scattering limit of 125 km we reject path-8 which
produced spread trace and field aligned
ionograms, leaving 50% of the paths and their
attached ionograms for study.

Path-II was similar to path-IO with vertical
traces but in this ionogram the field aligned
traces were more prominent. It is also worth
noting that resonances are present up to the cusp
of the
ionogram
indicating a strong
antenna/ionosphere
interaction
with
the
minimum of losses.

The specular Ionosphere
Path-6a (figure-IO) is a specular ionosphere
indicating a real scattering peak of 80 km radius
with an absolute maximum of 120 km (48 km in
the lower orbit). This falls completely within the
parameters set for the processing to work. Path9 (figure-I4) is a typical specular ionosphere
with a peak scattering radius of 20 km ind icated
on the histograms. The graphs suggest that this
could probably increase up to about 80 km over
the complete frequency range. It is worth noting

It is observed that all specular ionospheres in this
study fall within the scattering parameter set to
measure dispersion. Notably even when ducted
traces and extended harmonic resonances are
present.

7
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MinirTllm scattering " 8 kin
Maximum value = 2277 kin
Total No, cI samples 48
percentage disrlayed = 94%

=

Figure-5 (Path No.1) I of 5 ISIS 2 ionograms and a histogram of all the combined samples at 4 MHz

Figure-6 (Path No.2) lof23 ISIS 2 ionograms and a histogram of all the combined samples at 4 and 6 MHz.

Figure-7 (Path No.3) I of 30 ISIS 2 ionograms and a histogram of all the combined samples at 2 and 4 MHz.

10f II ISIS 2 ionograms and a histogram of all the combined samples at 2 and 4 MHz.
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Figure-9 (Path No.5) Iof 28 ISIS 2 ionograms and a histogram of all the combined samples from 2 to 8 MHz.

Figure-IO (Path No.6a) I of 2 ISIS 2 ionograms and a histogram of all the combined samples at 2 and 4 MHz

Figure-II (Path No.6b) Iof 14 ISIS 2 ionograms and a histogram of all the combined samples at 2 and 4 MHz

Figure-I2 (Path No.7) 1 of8 ISIS 2 ionograms and a histogram of all the combined samples at 2 and 4 MHz

9
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Figure-I3 (Path No.8) 1 of 16 ISIS 2 ionograms and a histogram of all the combined samples at 2 and 4 MHz

Figure-I4 (Path No.9) lof 34 ISIS 2 ionograms and a histogram of all the combined samples from 2 to 10 MHz

=

Minirrum scattering 7 kin
Maximum value = 5373 kin
Total No. ci saflllles = 316
Pertef1tage displayed 99"",

=

Figure-IS (Path No. 10) 1of 26 ISIS 2 ionograms and a histogram of all the combined samples from 2 to 6 MHz

Mnirrum scattering = 18 kin
I'mxirrumvalue =1828 kin
Total No. of sarrples = 172

Percentage displayed =91%

Figure-I 6 (Path No.ll) lof J 3 ISIS 2 ionograms and a histogram of all the combined samples from 2 to 6 MHz

10
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These results were taken from sounding data
centered around 2 MHz from an ionosphere of
low dispersion. (see figure-2)

The spread echo Ionosphere
A maximum peak scattering radius of 80 km is
given for path-2 being equivalent to 32 km in the
suggested 800km orbit. The histograms indicate
that significant scatterers up to a range of 160 km
(64 km at the lower orbit) at 2 MHz and 240 km
(96 km at the lower orbit) at 4 MHz are also
possible.
This suggests that this spread
ionosphere is a border line case for the
dispersion method and could only be confirmed
with real inphase and quadrature data from the
topside. This data is not available at present.
Path-5 had a peak at 60 km scattering radius with
a significant spread in results up to 150 km (60
km in the lower orbit). This spread is just outside
the set parameters. Again though with no real
data available, this type of ionosphere (slight
spread trace with no field aligned ducted trace)
may be possible to process using the described
methods.

Figure-I7 Symmetrical pulse envelopes
from a low dispersive specular ionosphere

The shape of these pulses is generally
symmetrical with the exception that in some
cases the skirt is raised due to varying levels of
background noise. Several data sets taken from a
specular ionosphere show similar results but with
the pulse spreading in time indicating an increase
in dispersion.

These two cases tend to suggest that an ionogram
with a little spreading in the trace with no field
aligned trace may also produce pulse returns that
are processable.
Conclusions about topside scattering

As the pulse envelopes are observed to be
symmetrical we can consider the specular
topside to have a minimal effect on scattering
unless signals are returned from a concave
ionosphere. The effect of scatterering from a
specular flat ionosphere would be to elongate the
forward edge of the pulse. A very rough spreadF or disturbed ionosphere could cause multiple
pulse reflections superimposed one on another as
is seen from the bottom side data of figure-21.

The real results from the most specular
ionosphere of path-9 indicates a peak value for
the scattering radius of 20 km (equivalent to 8
km at the lower 800 km orbit). The worst case
that fell within the 50km radius scattering
(125km at 1400km orbit) was path 2 (80km
scattering radius at 1400km).
This indicates that both specular reflections
(figure-14) and those traces with some spreading
(figure-6) will return signals that are capable of
being processed by the "Dispersion Method".

These symmetrical pulse envelopes show what
effect a real topside ionosphere has on reflected
pulses. This parameter is used when manually
selecting suitable ground based data for verifying
the dispersion method.

Topside Pulse envelope
Using a non averaged ISIS 2 ionogram data set
from a specular ionosphere, several consecutive
plots of signal amplitudes vs. time are displayed
(A scans). These are windowed and centered
around the peak to produce the reflected pulse
envelopes which are displayed in figure-17.

Tri-Pulses Observed in Real Data
We have proposed that the amplitude of the
'tripulse' envelope in the phase corrected
quadrature channel is the key to the direct
measurement of dispersion using the new
11
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'dispersion method'.
Real data has been
analysed using a digital ground based sounder in
an attempt to verify the simulated 'tripulse' in
figure-4.
The Dynasonde vertical incident
sounder "as chosen because it is capable of
producing inphase and quadrature samples from
a single reflected 60/-ls Gaussian pulse at the
proposed sampling rate of 100kHz. This data
was then used to verify the existence of tripulses
in real reflections from the bottomside
ionosphere. The international ElSeA T Scientific
Association in Northern Scandinavia set up a
special sounding program using a Dynasonde
sounder close to the city of Troms0 in Norway.

• Is the background noise sufficiently low as to
preclude man made noise - this is not found in
topside ionograms prior to the cusp due to
ionospheric shielding.
• Is the signal to noise sufficiently high.
The Processed Dynasonde Data Set
The Dynasonde data set was processed and the
results are displayed in figures-19 to 21. Each
figure comprises a pair of plots. The first plot is
from the sounders X and Y channels and is the
X, Y and Absolute envelopes made up from 40
range bins centred around the peak of the
absolute envelope. The second plot uses the
same data but is phase rotated using the 'rotation
algorithm' to produce coherent inphase and
quadrature envelopes along with the absolute
pulse.

The Dynasonde Ionogram
The ionogram illustrated below in figure-I 8 was
produced by the Dynasonde ground based
vertical sounder at Troms0 (69 0 North and 19°
East) on the 14th March 1997 at 11:38 LT.

The frequency of the sounder is given, and the
height of the reflection at the peak of the
envelope is also indicated in kilometres.
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Figure-19 is from a low dispersive ionosphere.
The low amplitude 'tripulse' appears in the
processed quadrature channel. The second pair
(figure-20) shows a very distinctive 'tripulse'
with increased amplitude proportional to
dispersion .
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The last pair in figure-21 shows a deliberately
poor absolute pulse envelope made up of many
pulses from a very disturbed ionosphere. Again
the 'tripulse' is present but completely nonsymmetrical. It maybe that further research
using real data would show a correlation between
the non-symmetry of the quadrature channel and
an increase in spread-F,

Dynasonde bottom-side
vertical ionogram

The ionosphere is characteristically spread and
not ideal for the purposes of verifying the
Dispersion Method.
However the absolute
envelopes were selected manually by the
following criteria:

From this limited data which falls outside the
parameter of an undisturbed, specular ionosphere
(which the simulations presumed) good results
were obtained. It is believed that these results
indicate that the simulations are correct, and that
the 'Dispersion Method' is validated.

• Were the envelope shapes symmetrical - as
found in the topside specular reflections. (see
figure 17)
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Figure-19

Pre-processed and processed results at frequency 4. 71MHz centred at 315 km

Figure-20

Pre-processed and processed results at frequency 4.73 MHz centred at 317 km.

Figure-21

Pre-processed and processed results at frequency 5.06 MHz centred at 365 km.

TbePayload
A basic block diagram of the proposed payload is
re-produced in figure-22. The interconnections
between the circuit blocks are shown simplified
for clarity. For full implementation they would
be multiplexed to enable the sounder to be
configured in its three main modes of operation:

• Advanced Dispersion Method (ADM)
• Advanced lonogram Mode (AIM)
• Traditional Sounding Mode (TSM)
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Figure-22. 'The topside sounder block diagram indicating the many operating configurations and
redundant features that provide a ground configurable sounding laboratory in space.

Mixer

Two crossed
Dipole Antennas
configured for
linear
transmission and
reception

Computer
(CBC)

One complete system block
Figure-23

Traditional Sounding Mode (TSM) configuration

Payload Description

loadable software, to determine both operational
configuration and the type of modulation and
demodulation. The circuit can also be used as a
pair of traditional swept frequency topside

The complete sounder is shown in figure-22. It
can be controlled from the ground by up14
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sounders. Single amplitude pulse modulation is
configured in the DDS. The sounder is not
limited to this mode of modulation but is capable
of phase/amplitude/coded pulses and chirp. The
DDS units can provide any required phase shift
including 90° in the signal at the output of the
dual transmitter circuits. Therefore the dual
Antennas can be configured for linear or left and
right hand circular polarisation independently for
transmitting and receiving, over the complete
frequency range.

Other
Power requirements 9 to 17 watts
VHF and S band
Down link
250 Mbyte
Memory

Conclusions
In brief, we conclude that if a microsatellite
topside sounder were to be developed and flown
to the proposed design specification, the impact
to world science would be as follows:

The on board computer is not dedicated to the
sounder payload as it is used to control other
systems on the satellite. However any software
that has been uploaded from the ground will pass
through this computer and be redirected via a
CAN bus to controllers that contain the control
algorithms for the antenna and DDS circuits.
The DSP units are a separate subsystem,
although integrated into the SCS module.

• Global critical frequency maps that would be
available anywhere in the world with easily
available
cheap equipment, and with
instantaneous display.
• The data sampling rate and accuracy would
be at least an order higher than any previous
topside sounder making it very suitable as a
means of improving the operational
performance of expensive ground based over
the horizon (OTH) radar systems.

Sounder Specifications

Antennas
Ant. length
Ant. Polarisation
Ant. matching

Two at 15 m tip-to-tip.
Both circular and linear.
fast Automatic ATV

• The measurement of spread echoes would
provide daily, direct information on the
scintillation effect to global Earth-satellite
high frequency communications. This would
be very useful information for link budget
planning in constellations of low Earth orbit
communication satellites.

Transmitters
Frequency range
Transmit power
Frequency control
Pulse width
Sweep resolution ,

oto 15 MHz.
1 to 200 watts (20ft)
Direct Digital Synthesis
50llS to lms. (or coded)
variable

• The cost of the project would be several
orders cheaper than any previous mission of
similar concept. Or at least an order cheaper
for a limited scientific mission like the
Japanese ISS or Russian IK 19 / Cosmos
1809 missions. This is due to the reduced
launch costs of a microsatellite and the
autonomous nature of the data collection and
processing.

Receivers
Receiver type
Receiver filters
Detector
Demodulator
Freq. control
AGC
Bandwidth
Sensitivity
Dynamic range

Direct conversion
6 bandpass filters
Phase sensitive detectors
Digital Signal Processing
Dual DDS local oscillator.
Software controlled AGC
Variable
Illv into 500 RF amplifier
Greater than 120dB.

• The equipment itself would serve as a ground
re-configurable sounder laboratory in space
for as yet unspecified research into topside
image processing, or missile detection.
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